INTRODUCTION The prevalence of hepatitis B virus (HBV) infection in
Burkina Faso is about 15%. 1 The primary infection is frequently asymptomatic, sometimes occurring by motherchild transmission, and hepatitis B is often diagnosed when already at an advanced stage. Access to treatment is limited both by drug costs and by the need for liver fibrosis assessment before starting treatment. Needle biopsy of the liver (NBL) is the standard technique, and is the only method available in Burkina Faso. In principle, it is offered systematically to patients with active HBV replication, as shown by HBV polymerase chain reaction (PCR) positivity. However, NBL is invasive, potentially painful, and carries a risk of serious complications. 2 Furthermore, fibrosis can be either under-or overestimated by NBL. 3 Needle biopsy of the liver is also clearly unsuitable for monitoring disease progression, especially in untreated patients. Patients with active HBV replication do not always have NBL, and many therefore remain untreated. Likewise, as it is the patient who must pay for what can be a very lengthy treatment, NBL showing that treatment is warranted is no guarantee that treatment will effectively start. An alternative method for evaluating liver fibrosis is therefore needed to optimize patient management in resource-limited countries. This would also simplify access to treatment.
Transient elastography (Fibroscan [FS] , Echosens, France) is a reproducible, non-invasive and rapid method for measuring liver stiffness. It is based on sonographic measurement of the propagation velocity of an elastic wave induced by the device itself: the faster the wave, the stiffer the medium. Studies of patients with hepatitis C virus (HCV) infection have shown that wave velocity correlates with the degree of liver fibrosis, and that elastography can accurately detect both early fibrosis 4 and advanced fibrosis. 5 However, few data are available on the use of this method in patients with hepatitis B, especially in sub-Saharan Africa. Scores based on serum markers have been developed to estimate liver fibrosis without the need for NBL. Here, we compared the performance of Fibrotest (Biopredictive, Paris, France), Fibrometre (Biolivescale, Angers, France), APRI (the aspartate transaminase to platelet ratio index), and FIB-4, by comparison with histology, in HBV-infected patients in Burkina Faso. 6 -9 PATIENTS AND METHODS Patients. All the patients were over 18 years of age and were infected by HBV, as shown either by HBV PCR positivity or by HBsAg positivity (in patients on treatment). The patients were managed at Yalgado Ouedraogo university hospital (Ouagadougou, Burkina-Faso). Patients were not eligible for the study if they had a clinical diagnosis of liver cancer or if they were pregnant. Despite a low prevalence of gastrointestinal schistosomiasis in this urban area and in Ouagadougou, patients who had a past history of schistosomiasis were excluded from the study and patients who had visible granuloma on liver biopsy were not included in the analysis.
Ethics statement. All the patients first received information on the study from their referring physician and were asked to sign an informed consent form. Standard management of HBV PCR-positive patients in Burkina Faso includes liver biopsy, to determine if treatment is indicated. Needle biopsy of the liver was performed in the standard manner in this study. The patients also underwent non-invasive (elastograpy) and semi-invasive investigations (serum markers of fibrosis). Patients who were serologically screened for HCV and HIV infection received relevant information before testing, and received the results from their referring physician. Patients with HIV co-infection could be referred to the relevant hospital department. The scientific committee prepared an ethics statement that was signed by all participants in this research.
Data collection. Abstract. Liver fibrosis (LF) must be assessed before talking treatment decisions in hepatitis B. In Burkina Faso, liver biopsy (LB) remains the "gold standard" method for this purpose. Access to treatment might be simpler if reliable alternative techniques for LF evaluation were available. The hepatitis B virus (HBV)-infected patients who underwent LB was invited to have liver stiffness measurement (Fibroscan) and serum marker assays. Fifty-nine patients were enrolled. The performance of each technique for distinguishing F0F1 from F2F3F4 was compared. The area under receiver operating characteristic (AUROC) curves was 0.61, 0.71, 0.79, 0.82, and 0.87 for the aspartate transaminase to platelet ratio index (APRI), Fib-4, Fibrotest, Fibrometre, and Fibroscan. Elastometric thresholds were identified for significant fibrosis and cirrhosis . Combined use of Fibroscan and a serum marker could avoid 80% of biopsies. This study shows that the results of alternative methods concord with those of histology in HBV-infected patients in Burkina Faso. These alternative techniques could help physicians to identify patients requiring treatment.
date of diagnosis of HBV infection, prior assess ment of liver fibrosis, ongoing anti-HBV treatment, and HIV or HCV coinfection. Patients underwent liver stiffness measurements and blood tests on the same day.
Liver histology. Patients who had already had liver biopsy in the year before the study could be enrolled without the need for a second biopsy. The other patients underwent NBL prospectively. Needle biopsy of the liver was done by a trained hepatologist, with a 15-G Hepafix needle (Braun Medical, Melsungen, Germany). The samples were fixed in paraffin and stained with Sirius red and hematin-eosin. The slides were all read by two experienced pathologists, the second reader being unaware of the first reader's findings. Both readers were blinded to the results of the alternative methods of fibrosis assessment, and a consensus interpretation was reached if there was a discrepancy. The size of the biopsy specimens was noted. Liver fibrosis and necroinflammatory activity were assessed with the METAVIR scoring system. 10 Fibrosis was therefore scored on a scale from 0 to 4 (F0 = no fibrosis, F1 = portal fibrosis without septa, F2 = portal fibrosis and few septa, F3 = numerous septa without cirrhosis, F4 = cirrhosis), and activity on a scale from 0 to 3 (A0 = none, A1 = mild, A2 = moderate, A3 = severe). All the patients had undergone NBL as part of their routine hepatitis B management less than 1 year before study entry, or underwent NBL less than 6 months after elastography and calculation of fibrosis scores based on serum markers.
Virologic and biochemical analyses. The HBV DNA was assayed in France using the Abbott PCR real-time assay (M2000sp and M2000rt (Applied 7500, Abbott, IL) with a detection limit of 10 IU/mL.
The patients were screened for HIV and HCV infection by using the Tecan Genesis RSP 150 platform (Zurich, Switzerland) and Biorad reagents (Hercules, CA). The HIV seropositivity was confirmed with the BioMérieux Vidas Duo Quick test (Marcy l'Etoile, France).
All biochemical analyses were done at Tenon hospital in Paris, with the exception of the platelet count (PLT) and the prothrombin time (PT), that were done on the day of sampling at Ouagadougou university hospital. The following analytes were measured with a ci8000 automat (Abbott, IL): urea, aspartate transaminase (AST), alanine transaminase (ALT), bilirubin, g-glutamyl transpeptidase (γ-GT) activity, apolipoprotein-A1 (apo-A1), α2 macroglobulin (α2-MG), and haptoglobin. Platelets were measured with an ABX Pentra 60 automat (Montpellier, France), and the PT with a Diagnostica Stago Start 4 (Parsippany, NJ). Hyaluronic acid (HA) was measured with an enzyme-linked immunosorbent assay (ELISA) method (Corgenix, CO). The APRI and FIB-4 scores were calculated as described in the princeps publication, as APRI = AST Hepatic elastography. We used a Fibroscan FS 512 (Echosens, Paris, France), as described elsewhere. 11 The device was made available for a 1-week period in the Liver Unit of Ouagadougou university hospital. The success rate of the examination is calculated as the ratio between the number of measurements validated by the machine and the total number of attempted measurements during the same examination. The median value of the validated measurements is taken to represent liver stiffness.
The interquartile range (IQR) represents the interval around the median that contains 50% of valid measurements. To be considered interpretable and valid, the examination must include at least 10 measurements with a success rate of at least 66%, and the IQR must not exceed 33% of the result of the examination. Fibroscan (FS) was done on the same day as serum marker assays.
Statistical analysis. A descriptive analysis was used to study the distribution of continuous variables (means, medians, SDs, ranges, and quartiles) and the frequencies of categorical variables. The diagnostic performance of FS, FT, FM, APRI, and FIB-4 was assessed with receiver operating characteristic (ROC) curves. A patient was considered positive or negative according to whether the noninvasive marker value was greater than, less than, or equal to a given cut-off value. Connected with any cut-off value is the probability of a true positive (sensitivity) and a true negative (specificity). The ROC curve is a plot of sensitivity versus 1 minus specificity for all possible cut-off values. The most commonly used accuracy index is the area under the ROC curve (AUROC), values close to 1.0 indicating high diagnostic accuracy. Optimal cut-off values for liver stiffness were chosen to maximize the sum of sensitivity and specificity, often optimizing sensitivity. Positive and negative predictive values were computed for these cut-off values. The fibrosis stage given by Biopredictive was used for FT. By using these cut-off values, the agreement between FS, FT, and liver biopsy (LB) for the diagnosis of significant fibrosis (F ≥ 2) was assessed by comparing pooled F2-F4 patients with F0/F1 patients; agreement on the diagnosis of severe fibrosis (F ≥ 3) was assessed by comparing F3-F4 patients with F0-F2 patients; agreement on cirrhosis (F ≥ 4) was assessed by comparing F0-F3 patients with F4 patients. Statistical analyses were implemented with SPSS 14.0 software (SPSS, Inc., Chicago, IL).
RESULTS
Fifty-nine patients were enrolled during the week in which the Fibroscan device was available. Only two patients were excluded, because they had undetectable HBV DNA without treatment, and biopsy was not therefore considered to be warranted. The patients' clinical and biological characteristics are shown in Table 1 . Alcohol consumption was assessed by interview. Twenty percent of patients ( N = 12) declared occasional alcohol consumption (beer), and none more than 10 g/day. None of the patients was infected by HIV and three patients (5%) carried anti-HCV antibodies, but all of them had negative HCV PCR. No patients were excluded because of signs of schistosomiasis on liver biopsy. The median interval between 
0.83 ± 0.4 Hyaluronic acid (μg/L) 27 ± 31 Urea (mmol/L) 3 ± 1 PT (%) 96 ± 6 Platelets (10 9 /L) 209 ± 80 NBL and elastometry/blood tests (performed the same day) was 4 months [0.5-10]. Eleven patients (19%) had already been tested for liver fibrosis (all by NBL) and 55% of these biopsies ( N = 6) had shown fibrosis ≥ F3. Seventeen patients (29% of the study population) were already on treatment (median duration 10 months, range 1-24 months); it consisted of lamivudine alone in 15 cases and lamivudine plus tenofovir in two cases. Thirteen of the treated patients had HBV viral load below 10 IU/mL; one patient (treated for 1 month) had HBV viral load > 28.10 6 IU/mL, and another patient (treated for 4 months) had HBV viral load 1500 IU/mL.
Forty-eight patients (81% of the study population) underwent NBL prospectively. None developed complications necessitating hospitalization. All the biopsies were considered to be interpretable, and the mean length of the tissue cores was 21 ± 6 mm. The distribution of liver fibrosis stages was as follows: 5 patients were F0 (8%), 13 (22%) F1, 19 (32%) F2, 8 (14%) F3, and 14 (24%) F4. No signs of iron overload, granuloma, or alcohol-related disease were seen. However, four patients had moderate steatosis (median 22.5%, range 10-30).
Box-plots of serum marker values at each Metavir stage of fibrosis are shown in Figure 1 , whereas Figure 2 shows the ROC curves for the different methods and the different Metavir stages of fibrosis (F0F1 versus F2F3F4 and F0F1F2F3 versus F4). Table 2 shows the AUROC curves for each serum fibrosis marker score and for each considered cutoff. There was no difference between FT, FM, and FS for any stage of fibrosis. In contrast, APRI and FIB-4 performed less well than the other methods for identifying Metavir ≥ F2 fibrosis.
We determined the best performance of each test by searching the highest value of the "sensibility" + "specificity" sum. The performance of the different tests for detecting different fibrosis thresholds (≥ F2 and ≥ F4) is shown in Table 3 , with the corresponding sensitivities, specificities, and positive and negative predictive values. The best techniques for identifying patients who might qualify for treatment (fibrosis ≥ F2) were Fibroscan, FT, and FM. The techniques with the best performance for advanced fibrosis (≥ F4) were Fibroscan, FT, FM, and FIB-4.
DISCUSSION
Alternatives to biopsy for assessing liver fibrosis are especially crucial in sub-Saharan Africa, as access to therapy for HBV infection depends on prior diagnosis of liver fibrosis. Thus, accurate assessment of fibrosis is a prerequisite for improving the management of HBV-infected patients in resource limited countries. Until recently, the reference method was needle biopsy, even in Europe. However, for reasons stated in the introduction, not all patients with positive HBV PCR are biopsied, despite this being recommended in clinical practice guidelines. Liver fibrosis is under assessed mainly for reasons of poor access to the necessary technical resources, and also poor access to screening. Physicians are faced with a dilemma when, regardless of the results of liver fibrosis assessment, their patients will not have access to modern drugs because of their cost or because they are not locally available. Access to a reliable method of liver fibrosis assessment is therefore a precondition for large clinical trials of anti-HBV therapy. Local guidelines in Burkina Faso recommend treatment of stage ≥ F2 disease. In this specialized center, 455 patients were managed for chronic hepatitis B at the time of the study, of whom only 63 (14%) were on treatment. The need for LB is an obstacle to treatment, as it is difficult to perform; in addition, treatment, if indicated, may not be possible, for reasons of cost. Thus, many patients are not assessed for fibrosis and are therefore deprived of the chance of treatment. If the distribution of fibrosis stages observed in the study population (70% of patients ≥ F2) also applied to all the patients managed in the study center, then 320 patients would qualify for treatment. Although this is a very approximate figure, it does provide an idea of the potential benefit of introducing a non-invasive method of fibrosis evaluation.
We chose not to exclude patients already on treatment, as the mean interval between the outset of treatment (immediately after LB) and elastography/serum marker assays was only 8 months. The few published data on changes in HBVrelated fibrosis on treatment 12 show that such changes can occur, when measured after 49 months on average. In addition, although fibrosis can improve on treatment, it can also deteriorate. We therefore considered that the inclusion of some treated patients could not, after such a short treatment period, have a significant influence on the comparison of LB and the alternative methods.
Despite the many potential confounding factors, certain serum markers could be used in routine practice. It is important to note that the distribution of fibrosis stages was homogeneous in our study population, ruling out a selection bias. It is unlikely that these data reflect the distribution of fibrosis stages in the general HBV-infected population in Burkina Faso: in particular, stages F0/F1 are likely to be more frequent than in our study population. Fibrotest and FM accurately detected significant fibrosis (≥ F2), which often indicates treatment. Furthermore, FT, FM, and FIB-4 were sensitive methods for extensive fibrosis (≥ F4), which warrants screening for liver cancer, portal hypertension, and esophageal varices, and possibly indicates bleeding prophylaxis with beta-blockers. The APRI score did not correlate very well with Metavir fibrosis stages.
Hepatic elastography was simple: among the patients who underwent NBL, only one patient (1.7%) was not included in the analysis because of difficulties in obtaining valid FS values. The FS accurately detected both significant and extensive fibrosis. The two thresholds identified in our study (7.3 kPa for ≥ F2 and 11 kPa for ≥ F4) correlate with those identified in France for HBV-infected patients, 13 suggesting that this device could be used in Africa with the same thresholds.
Thus, although simple serum markers (FIB-4 and APRI) performed less well than more sophisticated markers for identifying fibrosis stage F2, this study suggests that FT and FM could nonetheless be used in routine practice in sub-Saharan Africa (the different components of the serum markers are not routinely measured, and the score is expensive to calculate in the Burkina Faso context), and liver stiffness measurement by FS could be the best means of identifying the different stages of fibrosis.
More than half the patients who had already been biopsied at study entry had advanced-stage fibrosis (≥ F3), suggesting that biopsy is only offered in the later stages of hepatitis B. Possible reasons include poor access to screening or to PCR, and the cost of screening, biopsy, and treatment.
Some biopsies could be spared if these markers were used in daily practice. Indeed, four (36%) of the 11 patients already biopsied before study entry had fibrosis stage F1. These "negative" biopsies could be avoided by the use of FS, as all four of these patients had FS < 7.3 kPa. In contrast, FT missed one of these four cases, FM and FIB-4 two, and APRI three.
In practice, an HBV-infected patient with a liver stiffness value below 7.3 kPa does not require further investigations (serum markers or biopsy), or treatment, because this cutoff has a negative predictive value of 90% for hepatic fibrosis ≥ F2. We found that the most accurate serum markers (Fibrotest and Fibrometre) and elastography agreed on the presence of fibrosis stage ≥ F2 in 48/59 patients (81%). If LB were to be practiced only if the two alternative approaches disagreed on stage ≥ F2 fibrosis, 81% of biopsies among patients qualifying for treatment could be avoided.
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